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© Nasal formulations and a process for preparation thereof* 

G) The systemic absorption after intranasal administration of certain drugs, in particular prmrn^togically 
^pSSS^ * Chanced in the presence of a phospholipid, such as a phosphalidylchohne (a lec.th,n). 
preferably admixed with a vegetable oil. 
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NASAL FORMULATIONS AND A PROCESS FOR PREPARATION THEREOF. 

The pres nt invention relates to novel pharmaceutical preparations adapted for intranasal administration 
and to a process for preparing such preparations. 

BACKGROUND OF THE INVENTION 

While noninvasive medication, such as oral or rectal administration of a drug is undoubtedly most 
convenient to the patient parenteral drug delivery is usually regarded as being the most effective, in 
particular, drugs which are inactivated in or poorly absorbed by the gastrointestinal tract and drugs wh.ch 
are subject to extensive first pass hepatic metabolism following oral administration are usually adm.n.stered 

^Thero'are obvious inconveniences associated with parenteral drug administration, such as the need for 
sterile delivery devices, pain and irritation caused by reiterated injections and the potential risk of .nfect.on. 
Therefore, alternative means of drug delivery, equalling parenteral administration in the sense that first pass 
metabolism is circumvented, have been sought One such potentially promising alternative .s drug 
administration via the nasal route. However, just as is the case with other methods for 
medication, the bioavailability of a drug after intranasal administration is largely unpredictable, depending 
inter alia on the chemical nature of the drug. 

Thus it is known that progesterone and propranolol are absorbed from the nasal cavity m a manner 

» providing blood levels almost equal to intraveneous administration. 

Other examples of intranasal formulations of pharmaceutically active agents w>th molecular we^jhts up 
to about 1 kD are known, for example compositions containing ergopeptide alkaloids dissolved in aqueous 
ethanol administered as aerosols (Swiss Patent No. 638.011). satts of ^ 
fatty adds (Canadian Patent No. 988352) and catecholamine suspended in a fatty aod (or ester) emulsified 
as with oolvoxyethylene (European Patent Publication No. 0 160 501 A). ... 
SSZ S decadesTvariety of (mainly synthetic) polypetide drugs have been developed. In general, 
polypeptides have been administered parenteral* due to Incomplete absorption from and dKjesttve 
mstobSy in the alimentary canal. This is probably the reason why in particular sfcd.es of the nasal delrvery 
of polypeptides have been intensified during recent years. It has been 'ound thatwh. e some smaHer 
polype, (up to about 10 amino add residues) may be reasonably well ab sort** 
sTmpte aqueous formulations, generally the nasal bioavailability of larger polypeptides become s bom 
incomplete and variable, and increasingly so with increasing molecular weight (for review, see L Ilium. 

Archiv for Pharmad og Chemi 94 (1987). 127-135). 

With a view to overcoming the disadvantages encountered particularly w,th nasal delivery compositions 
containing larger polypeptides, the additional incorporation of a variety of biocompatible absorption promot- 
ina aoents or so-called enhancers has been devised. 

tn this respect reference is made to European Patent Publication No. 0 ill 841 A. d.sclos.ng the 
absorption enhandng effect of a bile add and to U.S. Patent No. 4.476.116. using chelating agents such as 

<o E ° T Nasal formulations adapted to insulin delivery would naturally be highly preferred by the i insulin 
dependent diabetic patient to the presently available preparations for parenteral administration provided l tt» 
the insulin is absorbed to a reasonably effective and constant extent from the nasal cav,ty. A var.ety of 
absorption enhandng agents, mainly surfactants, have been devised for sue in formulations. 

tonic as well as non-ionic surfactant enhancers, such as bile acid salts and polyoxyethylene higher 
« alcohol ethers are disclosed in British Patent No. 1.527.605 while the use of a specific polyoxyethylene 
* SghefaSoho! ether, namely po.yoxyethy.ene-9 laury, ether is described in: R 

J of Med. 312 (1985). 1078-1084. Other enhancers, for example salts of taurod.hydrofus.dic ac.d. are 
disclosed in U.S. Patent No. 4.548.922. 

The chemical structure of enhancers known heretofore devate considerably from those of known 
so constituents of cellular membranes, including those of the nasal cavity. Th,s feature cou. Ipc ss.bly exp.a.n 
their genera, proneness to cause nasa. irritation or even permanent damage to the nasal j memb ane 
particularly during chronic administration. On this background enhancers more ak.n to other PW*^""* 
occurring surfaces, such as phospholipids could be contemplated. However. porting to * e data 
disclosed in British Patent No. 1.527.605 (supra) th phospholipids in a commonly supplied one cha.n 
lecithin mixtur have no detectable absorption promoting effect in insulin containing nasal formulations. 
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It has now surprisingly been found that medium chain length phosphatidylcholines and 
phosphatidylethanolamines substantially promote the intranasal absorption of pharmaceutically active com- 
pounds in particular of polypeptides, without damaging or irritating the nasal mucosa. The intranasal 
absorption is further enhanced from formulations wherein a fatty oil. for example a vegetable o.l. is adm.xed 
with the phospolipid. 



SUMMARY OF THE INVENTION 

,o According to its first aspect the present invention provides a preparation for intranasal a' ...nistration 
comprising a pharmaceutic^ active agent and an absorption enhancing system compns.ng at least one 
phospholipid of the general formula I 

H-CH-OR' 
I 

CH-OR" < x > 
I 

20 H-CH-0-P(0)<OH)-OR"' 



wherein R' and R" are identical or different, each selected from the group consisting of hydrogen, alkyl. 
alkenyl alkylcarbonyl. alkenylcarbonyl and alkadienyK alkatrienyl-or alkatet/aenylcarbonyl containing up to 

« a total of H carbon atoms, provided that both R and R' are not hydrogen, and R" represents a hydroph.l.c 
moiety selected from the group consisting of 2-<Uimethylammonio)ethyl. 2-aminoeth/l. 2-carboxy-Z- 
aminoethyl. 2.3-dihydroxypropyl and pentahydroxycyclohexyl. thus comprising Phosphatidyl^ JenvaUves of 
choline (lecithins), ethanolamine. glycerol, serine and inositols, respectively. Optionally, but preferably, the 
absorption enhancing system also comprises a fatty oil in admixture with the phosphol.p.d(s). 

» According to a second aspect of the present invention there is provided a process for making a 
preparation for intranasal administration, which method comprises dispersing at least one phospholipid of 
the general formula I. optionally, but preferably admixed with a fatty oil. in a liquid or solid diluent together 
with the pharmaceutically active agent either in solution or in a powdery state, which diluent may optionally 
comprise ancillary pH-buffering. preserving and osmotic pressure controlling agents. 



PREFERRED EM800IMENTS AND DETAILED DESCRIPTION THEREOF 

A preferred subclass of compounds of formula I is compounds, wherein R' and R" are each alkylcar- 
40 bonvl A further preferred subclass of compounds of formula I is compounds, wherein R" represents 2- 
(trime'thylammoniofcthyl. such compounds being known as lecithins. A still further pr«««" « 'or 
compounds of formula I. wherein R' and R" each represent alkylcarbonyl or alkyl with from abou 4 carbon 
atoms, preferably not more than 12 carbon atoms. The most preferred subclass of compounds of formula I 
is compounds wherein R* and R* each represent nonylcarbonyl. 
« A preferred preparation of this invention is one containing a mixture of two phospholipids o formula I. 
preferably in proportions by weight of from 1:10 to 10:1. more preferred from 12 to 2:1. One of these ^o 
phospholipids may conveniently be a compound wherein R" and R" both are octanoyl. decanoyl or lau.-yL 
The other of these two phospholipids may conveniently be a compound where.n one of the two 
substituents R' and R" is hydrogen and the other of the two substituents R' and R' is octanoyl. decanoyl or 

50 lauroyl (dodecanoyl). 

Examples of preferred compounds of formula I are: 



dioctanoyl L-a-phosphatidylcholine. 
dioctyl-O-L-a-phosphatidylcholine. 
55 didecanoyl L-a-phosphatidylcholine. 
didecyl-O-L-a-phosphatidylcholine. 
decyl-O-L-a-lysophatidylcholine 
dilauroyl L-a-phosphatidylcholine. 
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lauroyl L-a-lysophosphatidylcholine. 

The preparation of a number of compounds of formula I has been described e.g. by E C. Robles and 
0 Van Oen Berg: Biochim.Biophys.Acta 187 (1969). 520-S26. H.K. Mangold and F. Paltauf (Eds.) in: Ether 
Lipids Chapter 3. Acad.Press 1983. Other compounds of formula I can be prepared by analogous methods. 

Th fatty oil optionally incorporated into the absorption enhancing system of this invention is preferably 
a vegetable oil. more preferably soybean oil, peanut oil. coconut oil. maize oil. olive oil. sunflower o.l. or 

!th'e'°preferred embodiment of this invention the pharmaceutically active agent is a polypeptide. 
One group of preferred polypeptides is insulin and insulin derivatives, e.g. insulin modified by chem.cal or 
enzymatic methods or by recombinant ONA technology, or mixtures of such insulins, proinsul.n and , 
olucaqon Other preferred polypeptides are parathyroid hormone, parathyroid hormone antagon.st. cal- 
citonin vasopressin, renin, prolactin, growth hormone, thyroid stimulating hormone, corticotropin 
corticotropin-releasing factor, follicle stimulating hormone, luteinizing hormone, chorionic gonadotropin, atnal 
SptidSnterferon. tissue plasminogen activator, gammaglobulins. Factor VII. Factor vm. grow* hormone 
releasing hormone, luteinizing hormone releasing hormone, somatostatin and cholecystotanms. 

The preparation of this invention may be liquid. e.g. adapted for admimstraton as a spray or a solid, 
e.g. a powderacceptable (or snuffing. Liquid preparations, such as those based on aqueous 'o-tn^tions^ 
w?l usually include ancillary agents, for example, a pH-buflering system, preferably a buffer such as 
pnosphate. citrate or acetate b,*ers. a preservative and an osmotic f^J^^ t a ^^SS^ 
or sodium chloride. Powder formulations may contain the pharmaceutically active agent and the absorption 
enhSng system in admixture with nasally acceptable powdery diluents or mixtures thereof e.g cellulose 
or dSves hereof, for example cellulose ether, or sodium carboxymethyteellutose starch, a long chain 
£»rtd or a salt thereof e.g. aluminum staarate. an organic polymer, •« of an acryl.c acd derivative or 
noTgSc vehicles, such as Uc or diatomaceous earth. Supplementary addition of water-absorb.ru, poly- 
mers, for example polyethylene glycol or polyvinyl pyrrolidone may be desirable to improve adhes-on of the 

powder formulation to the nasal mucosa. _ . „„,;„_ w_ 

Preferred liquid preparations are those in which the diluent is water. Such rxeparadons may be 
prepared by dispersing the absorption enhancing system in the aqueous med.um chaining the char- 
30 mleuticaHy active agent and ancillary agents, the dispersion being conducted by any mrtod «ual y 
e^toyed for suspension or emulsification. e.g. ultrasonic treatment Adjustment of the aqueous phase to 
ZtX(i e. to P H in the range from about 6.5 to about 8) may be accomplished in any of the > P"*"* 
steps. Pre erably microemulston, are prepared in which the size of the disperse* I particles or « roplets .s of 
?he order of 10 nm. thereby facilitating their passage across the nasal mucosa^ ^rcem^sjonsj *ay 
35 be sterilized by filtration. The content of phospholipid of formula . and of fatty « "f^jT*?^? 
the present invention is in the range of from 0.01 to 10%. preferably from 0.5 to 5% (w/y). and O01 - 50*. 
preferably from 0.1 to 10% (w/v). respectively, of the preparation. Due to Mh. fact that proteases and 
oeotidases are associated with the nasal mucosa (see R.E. Stratford and V.H.L. Lee^ 
Int Journ.Pharmaceutics 30 (1986). 73-82) it may be desirable to incorporate biocompatible protease and 
40 peptidase inhibitors into polypeptide containing formulations. 

The concentration of the pharmaceutically active agent in the preparations of Bus ***** -ir of 
course depend on the particular agent chosen, on its efficacy, on a comparison of ,ts bioavaila jMybyn^ 
administration and by other routes of administration, for example parenteral injection, and on the desired 
Cency o« administration combined with the desired single dosage of the formulation. *ehph«^ 
« Sal data can routinely be obtained by the skilled artisan from animal expenments. for example in terms 
ofindex values, such as those estimated for insulin preparations in the examples heremafter prov,ded. 

TaWng insulin as an example, its concentration in the preparation of this invention may be .n the range 
of from about 5 to 1000 international units (I.U.) per ml. preferably from 50 to 500 1.U. per ml. 
The insulin preparations of this invention preferably contain bovine, porcine or human insulin. 
50 An exemplary mode of preparing the insulin preparations of this invention where.n the d.luent .s jvate 
comprises dissaving insulin, for example crystalline zinc insu.i., for example the h,ghly punf.ed grade of 
insu.rdisc.osed in British Patent No. 1.285.023. in water in the presence of an aad fo example 
hvd cihtoric acid An aqueous solution of a preservative, for example phenol, an a.kyl phenol, such as 
cZTTLZ rXdroxybenzoate. is prepared separately, optionally also containing an agen rendering 
5S solution JtonVsuJ as sodium chloride or glycerol. Furthermore, me ^™ J£ 

contain a buffering agent, such as sodium . phosphate, sodium c.trate. sodium acetate °r TR «S < _*s 
JhydroxymethyDaminomethane, and a protease inhibitor. The resulting preservative ^^^"^ ^ 
wi!h the ecid insulin solution followed by addition ol a base, for example a sod.urn hydrox.de solution, to 
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adjust the pH vc'ue to neutrality. The phospholipid of formula I. optionally in admixture with the fatty o.l. 
may be added to the insulin solution as a solution or an emulsion which is prepared by d.ssolvmg or 
suspending the phospholipid of formula I in water and and. if necessary, subjecting any suspense to an 
ultrasonic treatment before mixing with the insulin solution. Alternatively the phospholipid solution or 
emulsion may. if desired, contain the buffering agent and preservative. After mixing, the pH value of the 
insulin preparation may be readjusted to neutrality. Finally, the resulting insulin solution is made up to the 
calculated volume by addition of water. ■,^,„ a< . a i 
The preparations of this invention may be used in any dosage dispensing device adapted for intranasal 
administration. The device should be constructed with a view to ascertaining optimum metering accuracy 
and compatibility of its constructive elements, such as container, valve and actuator with the nasal 
formulation and could be based on a mechanical pump system, e.g. that of a metered-dose nebulizer, or on 
a pressurized aerosol system. The aerosol system requires the propellant to be inert towards the 
formulation. Suitable propellants may be selected among such gases as fluorocarbons. hydrocarbons, 
nitroqen and dinitrogen oxide or mixtures thereof. 

• • Further details of practising this invention are furnished by way of the following examples which, 
however should not be construed so as to imposes any kind of limitation to the scope of this invention. 
The insulin starting material used in Examples M2 contained about 20 to 30 ug zinc per mg I n^er^ 
Soybean oil and peanut oil were purified grades corresponding to those of U.S.P. XXI and N.P. xvi. 
respectively. 

Example 1_ 

772 mg of human insulin were dissolved in 40 ml of 0.02 M hydrochloric acid and 1.6 g of anhydrous 
glycerol were added. Furthermore, distilled water was added to 80 ml. The pH value was adjusted to 7.4 
with a 02 M sodium hydroxide solution. 1.0 g of didecanoyl L-o-phosphatidylcholine was dissolved .n 2 ml 
of ethanol (96%) and were via a hypodermic syringe injected into 10 ml of distilled water. The resulting, 
turbid solution was subjected to ultrasonic treatment with a high energy ultrasound probe for ■ 10 minutes 
and the resulting colloid solution was added to the insulin solution with stirring and d.stilled water was 
added to 100 ml. This preparation, containing 200 LU/ml of insulin, was dispensed in a sprajr suitable .for 
nasal administration and 100 microliters were administered to the nasal cavity of male NZW rabbits. A 
similar preparation, but without didecanoyl ^-phosphatidylcholine, was also tested m the rabbits. 

At fixed time intervals, blood samples were obtained from the marginal ear ve.n and the glucose 
concentration determined by a hexokinase method. 
35 The results were: 
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Blood glucose in percent of initial level : 

Minutes after 

treatment 0 30 60 90 120__ 

Insulin without 
additive 



100 100 103 99 100 



Insulin with 
so didecanoyl 

L-a-phosphatidyl- 
choline 

55 



100 56 65 70 81 
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Example 2 

100 mg of didecanoyl L-a-phosphatidylcholine was dissolved in 100 mg of soy bean oil and the solution 
was added to 5 ml of 0.01 M sodium phosphate buffer. pH 7.4. 
s The mixture was emulsified by ultrasonic l/eatment: 2 ml of an insulin solution of 400 un.ts per ml were 
added to the emulsion and pH was adjust d to 7.4 and water added to 10 ml. • 

After the nasal application of this preparation in rabbits, the blood glucos concentration ,s momtored 
for 120 minutes. The ?'oa over the curve, where the single blood glucose values are expressed as per cent 
of the initial valur. is estimated by the triangle method. The index is then calculated accordmg to th.s 
w formula: 

Index » 0.053 x A/O 

wherein A is the area over curve for the test preparation, O is the dose of test preparation, and the factor 
, 5 0.053 is an empericaJfy derived factor from a subcutaneous application of a fast acting insulin preparation. 
Tested in this way the nasal insulin emulsion has an index of 24%. 
A similar preparation but made without a vegetable oil has an index of 12-15%. 

20 Examples 3-12 

The preparations of Examples 3-6. 8 and 12 were prepared in a manner analogous to that described^ 
ExarZ ^ of Example 7 and 9-11 were prepared by the method of Example 2. The 

following abbreviations are used in the tatle: 



25 



PhosphatidylchoOne: PC 

Didecanoyl phosphatidylcholine: DOPC 

Dilauryl phosphatidylcholine: OLPC 



30 Percent contents are in weight per volume. All preparations contained 80 I.U-<ml of insulin. 
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Vegetable oil 


^ Index 




3 


0.5% lauroyl lysoPC 




10.9% 


5 


4 


0.5% myristoyl lysoPC 


none 


3.8% 




5 


0.5% stearoyl lysoPC 




0.8% 






0.5% DDPC 






10 


6 


+ 0.2% lauroyl lysoPC* 


none 


13.9% 






0.5% DDPC 


peanut oil 




IS 


7 


+ 0.2% lauroyl lysoPC 


2% 


21.9% 




8 


0.5% didecyl-O-PC 


none 


21.9% 






0.5% didecyl-O-PC 


peanut oil 




20 


9 


+ 0.5% DDPC 


1% 


28.7% 






0.5% DDPC 


peanut oil 






10 


0l5% DLPC 




1 ft Q9t 


25 




0.5% DDPC 


peanut oil 






11 


0.5% dimyristoyl PC 


1% 


14.3% 


30 


12 


0.5% DDPC 


none 


11% 



The data show the superior absorption enhancing effects of phosphatidylcholines with medium 
acyl or aJkyl groups 
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Example 13 



100 mg of didecanoyl L-a-phosphatidylcholine was dissolved in 100 mg of soybean oil and me solution 
was added to 5 ml of 0.01 M sodium phosphate buffer, pH 7 4 containing 160 mg of glycerol. After 
emulsification of the mixture by ultrasonic treatment 100 mg of glucagon >.oS added to the emulsion. pH 
was adjusted to 7.4 and water was added to 10 ml. 

Following nasal application of this preparation to rabbits, the glucose concentration of blood samples 
drawn from the marginal ear vein was monitored by the hexokinase method. 

The following blood glucose concentrations were obtained with time: 
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Minutes after 

treatment 0 15 30 60 120 

Glucagon without 

enhancer system 100 107 113 111 107 

Glucagon with 

enhancer system 100 144 178 188 163 

The features disclosed in the foregoing description and in the following claims may. both separately and 
in any combination thereof, be material for realising the invention in diverse forms thereof. 

Claims " ' 

1 A preparation for intranasal administration characterized by containing a pharmaceutical^ active 
agent and an absorption enhancing system containing at least one phospholipid of the general formula I 

H-CH-OR ' 
I 

CH-OR" (I) 
I 

30 H-CH-O-P(O) (OH)-OR"' 

wherein R* and R* are the same or different each representing hydrogen, alkyl. alkenyl. alkylcarbonyl. 
alkenytearbonyl. alkadienylcarbonyl. afcaWenytearbonyl or alkatetraenytcarbonyl containing not more than 
* 14 carbon atoms with the proviso that both R" and R" are not hydrogen, and R" represents a hydroph.hc 
group selected from the group consisting of 2-(trimethylammonio)ethyl. 2-aminoethyl. 2-carboxy-2- 
aminoethyl. 2.3-dihydroxypropyl or 2.3.4.5.6-pentahydroxycyclohexyl. 

2 The preparation according to Claim 1. wherein FT is 2-<trimethylammcnio)ethyl. 

3'. The preparation of Claim 2. wherein each of R" and R* is alkyl or aikylcarbonyl containing from 4 to 

49 1 2 carbon atoms, preferably alkylcarbonyl. 

4. The preparation of Claim 3. wherein R* and R" each represents nonytaarbonyl. 
S The preparation u Claim 2. wherein either R* or R' is hydrogen. 

6. The preparation according to Claim 1. wherein the absorption enhancing system further contains a 

« '^The preparation according to Claim 6. wherein the fatty oil is a vegetable oil. preperably selected 
from the group consisting of soybean oil. peanut oil. coconut oil. maize oil. cirve oil and sunflower en. 

8. The preparation according to Claim 1-7. wherein the content of phospholipid of formula I is in the 
range of from 0.01 to 10% (wA/). preferably 0.5-5% (wrv). of the preparation. 

9. The preparation according to Claim 6-7. wherein the content of fatty oil is in the range of from 0.01 to 

50 50% (w/v). preferably 0.1-10% (w/v). of the preparation. 

10 The preparation according to Claim 1-9. wherein the pharmaceutically active agent is a polypeptide. 

11. The preparation according to Claim 10. wherein the polypeptide is insulin, an insulin derivative, a 
mixture of insulin and at least one insulin derivative, or a mixture of insulin derivatives. 

12. The preparation according to Claim 11. wherein the insulin content is in the range of from 5 to 1000. 
55 preferably from 50 to 500. international units per ml of the preparation. 

13. The pr paration of Claim 10. wherein the polypeptide is glucagon. 
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14 A method for making th preparation of Claim 6. 7, 8 or 9. or of Claim 10. 11. 12 or 13 when 
dependent on Claim 6, 7. 8 or 9, which method comprises dispersing at least one phospholipid admixed 
with a fatty oil in a liquid or solid diluent together with the pharmaceutical^ active agent either in solution or 
in a powdery state, which dilu nt optionally comprises ancillary pH-buffering. preserving and osmotic 

pressure controlling agents. . 

15. Use of the preparation of Claim 6. 7. 8 or 9, or of Claim 10. 1 1. 12 or 13 when dependent on Claim 
6. 7. 8 or 9. in a dosage dispensing device adapted for intranasal administration. 
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